Abstract. With the development of modern science and technology level increasing, the structure of modern control system is becoming more and more complex, so it is very important to detect, forecast or discover the faults. This paper first analyzes the importance of the application of fault diagnosis method in different kinds of equipment, then analyses the research status of fault diagnosis technology at home and abroad, further introduces the fault diagnosis methods commonly used at home and abroad, the paper mainly analyzes and compares five different intelligent fault diagnosis methods based on knowledge at home, and points out the drawbacks of these methods, at last making a summary.
Introduction
For many different kinds of equipment, a failure of any component in equipment may lead to part failure or the equipment failure. In modern time, the requirements of people for the equipment safety, reliability and maintainability and automatic fault diagnosis are becoming more and more, it is necessary to make the fault diagnosis for all stages including equipment production process and using maintenance process.
The research on fault diagnosis methods in various fields is paid more and more attention at home and abroad, there have many different methods based on different theory. With the rapid development of artificial intelligence and computer technology, the intelligent fault diagnosis technology has been produced, this method does not need the accurate mathematical model of object, but also has "intelligent" characteristic, so it is a method，which has vitality. This paper is to analyze and summarize the characteristics of the several intelligent fault diagnosis methods which based on knowledge, such as expert system fault diagnosis method, fault diagnosis method of fuzzy logic, neural network fault diagnosis method, fault tree, fault diagnosis method based on case-based reasoning method for fault diagnosis etc.. Hope to provide a reference for the following research, by compromising different method and technology to diagnose the faults quickly and efficiently.
The Research Status of Fault Diagnosis Technology
Fault diagnosis technology is a new interdisciplinary subject, which has nearly forty years study history abroad; as early as the end of 60s, NASA founded the mechanical failures prevention group, and actively engaged in the research of fault diagnosis. At the end of 70s, with the development of electronic measurement technology and the application of spectrum analysis technology, various countries also put the fault diagnosis technology into practical application [1] . Among them, the British established the mechanical health care center, mainly on nuclear power, steel, electricity and other fault diagnosis; Japan began to develop their own in the iron and steel, chemical, petroleum, railway and other aspects of the total productive maintenance in 1971; many countries in Europe and the United States also attaches great importance to the research of fault diagnosis, such as research on the fault diagnosis of the ship in Norway, the Swedish SPM bearing monitoring and diagnosis, the vibration and acoustic emission fault diagnosis of the Danish B & K. With the development of artificial intelligence technology in the middle of 80s, the knowledge of expert system and artificial neural network technology has been widely used in fault diagnosis based on the fault diagnosis technology has entered a new stage in the development of intelligent.
China started late in the fault diagnosis technology, in 1979 the Ministry of machinery industry began to hold the equipment section chief in Changchun. From the beginning of the 70s to the early 80s, when our country is mainly based on advanced technology introduction and digestion and absorption of foreign countries, research and application of all kinds of mechanical equipment fault mechanism, diagnosis methods and simple monitoring and diagnostic instruments. From the beginning of the 80s to the late 80s, by summarizing the experience and exploring new diagnostic theory and method, the development of our country has developed its own online monitoring and fault diagnosis device. From the late 80s to the present, China has formed a fault diagnosis method with Chinese characteristics from theory and application, and entered the intelligent fault diagnosis phase.
Intelligent Fault Diagnosis Methods
Fault diagnosis technology is a comprehensive technology, it involves many disciplines, such as the subject of modern control theory, reliability theory, mathematical statistics, signal processing, pattern recognition, artificial intelligence etc.. Fault theory from low to high, can be divided into four main aspects of the content [2] : (1) Fault modeling. According to the relationship between the prior information and the input and output, the mathematical model of the system failure is established, which is used as the basis for fault detection and diagnosis;(2) Detection of faults from measurable or non measurable estimation variables;(3) Separation and estimation of faults. If the system has a fault, the location of the fault source is given, and the reason of the fault is different. The degree, size, time and time variation characteristics of the fault are determined; (4) Fault classification, evaluation and decision making. The fault diagnosis methods in foreign countries can be divided into two categories: model-based and data-driven. There are three kinds of fault diagnosis methods in China: signal processing method, analytic model based method and knowledge based method. Knowledge based fault diagnosis method does not require accurate mathematical model of the object, and has some intelligent characteristics, is a very viable way, and therefore also known as intelligent fault diagnosis method. The fault diagnosis method based on Knowledge including: expert system fault diagnosis method, fault diagnosis method of fuzzy logic, neural network fault diagnosis method, fault tree, fault diagnosis method based on case-based reasoning method for fault diagnosis etc..
Expert System Fault Diagnosis Method
The diagnosis method based on expert system is a kind of intelligent diagnosis technology which has the most research and application. [3] Expert diagnosis system uses expert knowledge and experience to make the system imitate the process of expert analysis and solve the problem, and solve the problem of complex fault diagnosis. It consists of three parts, at least in the knowledge base, inference engine and dynamic database. The knowledge base is connected with the domain experts through the "knowledge acquisition" mechanism, to establish the human interface between expert systems and domain experts, and through the acquisition of knowledge to establish and update the knowledge base. According to the known facts provided by the dynamic database, the inference engine uses the knowledge in the knowledge base, and carries on the inference according to certain reasoning strategy, in order to achieve the system requirements.
Fuzzy Logic Fault Diagnosis Method
The fuzzy theory was originally proposed by Zedeh in 1965, provides a theoretical tool for describing and dealing with the imprecise and fuzzy time and concept [4] . Due to the complexity of modern electronic equipment, it is difficult to use accurate mathematical model to express the relationship between fault and symptom, and then some fault states are fuzzy, which produces a fuzzy fault diagnosis method. Fuzzy fault diagnosis is the use of fuzzy set theory in the membership function and fuzzy relationship matrix concept to solve the relationship between failure and symptoms of uncertainty, and then realize the fault diagnosis. The fuzzy fault diagnosis technology is simple and easy to use, and the conclusion is clear and intuitive. But because the membership function is constructed, it contains some subjective factors. In addition, the choice of feature elements also have certain requirements, such as the choice of unreasonable, the accuracy of diagnostic results will decline, and even cause diagnosis failure.
Neural Network Fault Diagnosis Method
Neural network is a method to solve complex problems by simulating the function of human brain processing information [4] . It can solve the problem that traditional pattern recognition methods are difficult to be solved satisfactorily. In the neural network model, the BP neural network model is the most widely used, which consists of three layers: input layer, hidden layer and output layer.
Fault diagnosis using neural network technology, mainly including learning (training) and diagnosis (matching) two processes, each process includes two parts: pretreatment and feature extraction. 1) learning (training) stage: selected network structure and suitable size, with the help of some learning algorithms, to influence the dynamic characteristics, reflect the system modeling error and disturbance variables as the input of the neural network, with the corresponding state code as expected output, the input / output sample pair is formed to train neural network, to define the neural network weights and thresholds, when learning convergence after freezing neural network weights and threshold. 2) diagnosis (matching) stage: the trained neural network in retrospect, for a given input, generates a corresponding output, comparison can be determined easily by fault and fault output encoding.
Neural network fault diagnosis technology has good I/O nonlinear mapping characteristics, information distributed storage, parallel processing and high degree of self-organization and self-learning ability. But there is a limit its application, such as neural network structure selection and selection of training samples based on the lack of system reliability, the learning speed is relatively slow, can not explain the reasoning process of electronic equipment in complex, sometimes lack of effective learning algorithm.
Fault Tree Fault Diagnosis Method
Fault tree analysis is an effective method in reliability design and fault diagnosis, and it is a kind of deductive analysis method. [5] The system is the most intuitive and easy to observe the fault phenomenon as the top event of the fault tree, the ultimate cause of the failure as the top event of bottom events, intermediate event reflects the causal relationship between the top and bottom event, with the corresponding symbols representing these events, and then connect the top event, the intermediate event, and the basic event to the tree with the appropriate logic gates, namely fault tree.
Through the various causes of system failure possible (such as software, hardware, environment and human factors) detailed analysis, from top event to bottom event, establish fault tree diagnosis system according to the causal relationship between fault phenomena and causes. The process of fault diagnosis based on fault tree is the cause of failure from the local to the whole process of gradual refinement, is a top-down process decomposition, process evaluation and reliability analysis of fault system. In the course of this process, it is clear that the cause of failure and the propagation process of the fault can be analyzed.
Case-based reasoning Fault Diagnosis Method
Case based reasoning is a new kind of reasoning model in the field of artificial intelligence. [6] CBR emphasizes that the new problem can be solved by dealing with a similar situation in the past. In the past, the similar situation and its processing technology are called cases. The past cases can also be used to evaluate the new problems and the solution of the new problems, and to prevent possible errors. The case reasoning workflow simply divided into case representation, case organization and storage, case retrieval, case revision and case study in several steps, this method could simplify the knowledge acquisition for collecting the experience knowledge in the field, and on the basis of case base construction.
Fault diagnosis method based on CBR is a qualitative method, has the advantages of wide applicability, flexible, does not depend on the accurate mathematical model of the system, but its fault diagnosis and isolation is more difficult, especially for online estimation of fault, small changes in process variables (or change operating conditions) may lead to changes in knowledge a large library, in addition to the real cause of the fault diagnosis system and may provide more invalid fault interpretation, which is the inherent limitations of the qualitative reasoning.
